Introduction 29
Resolving the timing and rates of crustal deformation is fundamental to our understanding of 30 tectonic and orogenic processes. Direct dating of deformation features by isotopic techniques has great 31 potential to provide new insights into the complexities of orogenesis and tectonics in general. Of 32 particular interest are shear zones, which can accommodate vast lateral and vertical crustal motions, 33 control the development of tectonic features, and provide important pathways for orogenic and ore-34 forming fluids. 35
In contrast to constraining deformation ages through cross-cutting structural relationships, the 36 direct-dating approach focuses upon isotopic analysis of synkinematic minerals that belong to the 37 metamorphic assemblage associated with deformation. Previous efforts at directly dating deformation 38 focused upon Rb-Sr dating of high Rb/Sr phases (e.g. Freeman et al., 1997) and 40 Ar/ 39 Ar dating of 39 white mica, amphibole and feldspar (e.g. Simon-Labric et al., 2009) . In situ 40 Ar/ 39 Ar dating of 40 recrystallised micas by laser-heating techniques has successfully been applied to mylonites in low 41 temperature conditions, but potential cm-scale mobility of Ar and excess-Ar may compromise 42 common, chemical modifications, and hence age resetting, are not (e.g. Wayne and Sinha, 1992, 48 in the shear zone (Rolland et al., 2003) , with the shear zone grains being homogeneous in major and 104 REE elements composition (Fig. 3 ). These observations indicate that, texturally, allanite is not 105 inherited, is in equilibrium with the mylonitic assemblage and therefore synkinematic. 106
Allanite dating methods 107
Laser ablation (LA)-ICP-MS U-Th-Pb isotope analyses were undertaken at the University of 108 Portsmouth, using a New Wave 213 nm Nd:YAG laser coupled with an Agilent 7500cs ICP-MS. 109
Analytical protocols and instrument conditions are described in detail by Darling et al. (2012a) . Key 110 points of the methodology are: (a) line-raster ablation, in order to minimize time-dependent elemental 111 fractionation; (b) external normalisation to the zircon standard Plešovice (Slama et al, 2008) ; (c) the 112 use of measured 204 Pb to correct for inherited common-Pb. Accuracy was monitored via analyses of 113 the allanite reference materials Tara, Mucrone, BONA and SISS (von Blanckenburg, 1992; Gregory et 114 al., 2007; Cenki-Tok et al., 2011) The results of allanite analyses are detailed in Table 2 , and key points are summarised in Figure 4 . 125
The measured grains typically have high common-Pb contents, with measured 206 Pb/ 204 Pb and 126 Pb composition of the common-Pb component 130 (Tera and Wasserburg, 1972) . This value is far removed from model terrestrial Pb isotope evolution 131 curves (total 207 Pb/ 206 Pb range 0.84 to 1.11; Stacey and Kramers, 1975) . 132
The isotopic composition of common-Pb in the metamorphic assemblage associated with allanite 133 was further investigated via LA-MC-ICP-MS Pb isotope measurements of albite and chlorite from the 134 same sample ( Figure 4B ). These ratios were age corrected to 28.2 ± 2.6 Ma (the 137 allanite Th-Pb isochron age; Fig. 4C Previous studies have advocated the use of assumed common-Pb compositions taken from model 147 terrestrial Pb-isotope evolution curves (Stacey and Kramers, 1975) , in order to correct Pb isotope 148 signals for common-Pb in magmatic allanite (e.g. Gregory et al., 2007) . However, as shown in Figure  149 4E, Th/Pb ages corrected using a Stacey and Kramers (1975) The slope of the U-Pb isochron ( e.g. Scharer, 1984; von Blankenburg, 1992) , may be the dominant control on excess 206 Pb. 177 U-Th-Pb systematics have as yet been little studied. A first attempt to test whether allanite may be 182 used to infer the age of mylonitisation revealed that the mineral can be remarkably resistant to 183 deformation in relatively dry conditions at eclogite facies due to mechanical shielding that prevents 184 chemical equilibration (Cenki-Tok et al., 2011) . This study shows that new crystallisation of allanite 185 may occur in shear zones associated to fluid flux, which can efficiently reset U-Th-Pb isotopic ratios. 186
In the studied shear zone, allanite texturally belongs to the greenschist-facies assemblage. As shown 187 by recent studies (e.g. Janots et al., 2008) , allanite is expected to be stable at these PT conditions (ca. 188 0.5 GPa and 400 °C, Rolland et al., 2003) . 189
The U-Th-Pb closure temperature of allanite is estimated to be above 700 °C (Heaman and Parrish, 190 1991) , because i) allanite has been shown to remain closed to Pb loss and retain trace element and Nd isotope zonation during prolonged magmatic conditions (Oberli et al., 2004; Gregory et al., 2009); 192 ii) in general zoning patterns developed in allanites during prograde metamorphic growth may be 193 retained through peak conditions (Janots et al., 2008) . Due to the high closure temperature of allanite, 194 the age of this study is interpreted as a crystallization age that records shear zone activation under 195 greenschist facies conditions. 196
The allanite U-Th-Pb in situ isotope data from this study also highlights the importance of using 197 11 Ω resistors for all isotopes. 3 U-Th-Pb concentrations and ratios measured at the University of Bern, utilising a GeoLas 193nm excimer laser coupled with a Elan DRC-e (quadrupole) ICPMS. Analyses were normalised to NIST SRM 610, and NIST SRM 612 was used as a consistency standard.
29
Si was used as an internal standard. 4 Pb isotope ratios corrected for in-growth of radiogenic Pb to 30 Ma. Note that the magnitude of correction is small compared to analytical uncertainties on Pb isotope ratio measurements.
